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2.10 CANCER AND WORKERS1 COMPENSATION AT CHALK RIVER NUCLEAR LABORATORIES

D.W.S. Evans

INTRODUCTION

In 1980 February, Atomic Energy of Canada Limited (AECL) set a
precedent in the nuclear industry by making a report to Labour Canada of a
cancer in an employee, a malignant lymphoma, which was possibly related to
the employee's occupational and licit exposure to ionizing radiation at the
Chalk River Nuclear Laboratories. The circumstances leading to this action
are described, and it is shown that the scientific basis of the report was
only one consideration in the administrative approach to the complex problem
of possible work-related cancers. A second cancer in an employee, a leuke-
mia, was reported to Labour Canada in 1981 May. Details of these and other
neoplasms of lymphatic and haematopoietic tissue are presented, with partic-
ular reference to occupational exposure of the afflicted employees to pos-
sible carcinogens. To a first approximation, the observed number of deaths
from these neoplasms in male employees under 65 (active or retired) at the
Chalk River Nuclear Laboratories during the period 1966-1983 is similar to
an estimate of the expected value.

THE SETTING

The Chalk River Nuclear Laboratories (CRNL) are located about
200 km west of Ottawa, on the south bank of the Ottawa River. Constructed
almost 40 years ago, the laboratories are large nuclear research and devel-
opment installations with a variety of nuclear facilities, including two
major research reactors, NRU and NRX. Approximately 2 300 employees work on
site, fewer than 10% being women. The number of employees and their age
distribution have remained approximately at the same levels for many years.

Cancer and Workers' Compensation

In 1978 January, a diagnosis of a diffuse well-differentiated
lymphocytic lymphoma in a 51-year-old employee was established by lymph-node
biopsy. At this time, the blood count was normal, but by 1978 November, a
pronounced lymphocytosis had developed. His cumulative dose equivalent over
28 years of employment was thought to lie within the range 1.0-1.5 Sv
(100-150 rem), the uncertainty resulting from the accidental loss by fire of
pre-1956 dosiraetry records. This cumulative dose equivalent represented
about 75% of the maximum permissible over the employee's service, recogniz-
ing that before 1956 at Chalk River, the annual limit was 0-15 Sv (15 rem).
In progress reports obtained from the Ottawa Cancer Clinic, the employee's
disease was variously described as leukemia and lymphoma. The reports also
noted that the employee had raised the question of the relationship between
his occupational radiation and his disease. Clearly, this question had to
be addressed formally by AECL, despite the low probability of radiation
induction of the lymphoma/leukemia.
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It was essential to clarify the diagnosis. If the disease was a
malignant lymphoma, radiation induction remained a possibility, since human
studies had indicated an increased incidence of malignant lymphomas in ir-
radiated populations [1]- If the disease was chronic lymphatic leukemia,
then radiation induction was improbable since this leukemia had not been
found in excess numbers in any such studies. The difference between a dif-
fuse well-differentiated lymphocytic lymphoma in a leukemic phase and a
chronic lymphatic leukemia appeared to be more semantic than real, the his-
topathology and immunological markers being identical in both conditions.
Nevertheless, sufficient clinical and other laboratory differences existed
to warrant some differentiation between the two disordprs. After much dis-
cussion of opinions of oncologists and pathologists, the seeming paradox of
two very closely related diseases differing in their inducibility by ion-
izing radiation was ultimately resolved pragmatically. At diagnosis the
blood count was normal; the disease was by definition a malignant lymphoma
and not chronic lymphatic leukemia.

The absolute risk coefficient for cancer induction in lymphoid
tissue had been tentatively estimated at (2-5)xlO~6 rad""1 [1]. Notwith-
standing the numerous uncertainties and assumptions involved, it could be
calculated that the upper limit of the risk of developing a malignant
lymphoma associated with a dose equivalent of 1.0-1.5 Sv was a significant
fraction of the natural risk of developing the disease. Accordingly, the
possibility of radiation induction of the employee's tumor could not be
dismissed summarily as being insignificant.

A second feature of the employee's condition was the previously
recognized radiological evidence of bilateral pleural fibrosis. This condi-
tion was almost certainly related to his chronic and significant exposure to
asbestos in the reactor buildings, from the numerous asbestos lagged pipes
of the reactor loops and other sources. The relevance of this finding was
the scattered reports in the literature of the occurrence of tumours of
lymphatic and haematopoietic tissues in asbestos-exposed persons. The empl-
oyee therefore had been exposed occupationally to two major carcinogens,
asbestos and ionizing radiation.

In Canada, employees of the Public Service, including employees of
Crown corporations such as Atomic Energy of Canada Limited, are eligible for
the benefits provided by the Government Employees Compensation Act, with
respect to personal injury resulting from an occupational accident or a
disease that is a risk of their employment. By arrangement with Labour
Canada, claims for such injuries are adjudicated by provincial Workers'
Compensation Boards. For diseases such as cancer, with well-established
causes from occupational and nonoccupational sources, it is the policy of
the Ontario Workers' Compensation Board to consider claims where there is
known exposure in the workplace and if there is a reasonable probability
that the cause is occupational [2). Schedule III of the Workers'
Compensation Act of Ontario includes in a list of compensable diseases, "any
disease due to exposure to X-rays, radium, or other radioactive substances".
These statutory and jurisdictional requirements left AECL little option but
to report the cancer to Labour Canada as a possible work-related disease,
and on 1980 February 20, this was done. The case was accepted by the
Workers' Compensation Board of Ontario in 1980 November, and following
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retirement at the end of 1981, the employee was awarded compensation for
total permanent disability under the provisions of the Workers' Compensation
Act.

This action by AECL was not undertaken without critical examina-
tion of the evidence, and possible implications for the nuclear industry of
adjudication by the Workers' Compensation Board in favour of radiation
induction of the employee's malignant lymphoma. The political and public
relations aspects, and the sensitivity of the nuclear industry to charges by
anti-nuclear factions and others of concealing possible work-related cancers
were some of the obvious considerations.

In 1981 May, a chronic myeloid leukemia was diagnosed in a
59-year-old retired employee with 31 years of service. His lifetime dose
equivalent approximated 1 Sv (100 rem) and the estimated upper limit of risk
of developing leukemia associated with this dose could be shown to be
similar in magnitude to the natural risk of developing the disease. This
case was also reported to Labour Canada, and following the employee's death
in 1981 November, his widow was compensated in accordance with the
provisions of the Workers' Compensation Act.

It is apparent that the actions by AECL in reporting these two
employees to Labour Canada were predicated by scientific, statutory, juris-
dictional, political and pragmatic considerations. The response of the
compensation authorities followed statute and their own guidelines and pro-
cedures. It should be recognized that the actions of AECL and the Workers'
Compensation Board cannot be construed as being necessarily supportive in a
scientific sense of a causal relationship between the cancers discussed and
the occupational radiation exposures.

Since 1982, two other employees with cancers possibly linked with
occupational exposure to ionizing radiation have been reported by AECL to
Labour Canada: a multiple myeloma, and an adenocarcinoma of the thyroid
gland. These reports were made more for jurisdictional than scientific
reasons, since the evidence supportive of radiation induction in both cases
was slender. The Workers' Compensation Board rejected both claims.

Three other cancers possibly related to exposure to asbestos have
been reported by AECL to Labour Canada: a malignant mesothelioma in an
electrician, a carcinoma of the ileura in a welder, and a carcinoma of the
colon in a machinist. The Workers' Compensation Board accepted the first
two claims and rejected the third.

The publicity about the acceptance by the Workers' Compensation
Board of radiation induction of the first two cancers reported led to num-
erous enquiries from employees and the public. Subsequently, five other
claims for work-related cancers were made by relatives of afflicted employ-
ees and by others to the Workers' Compensation Board. To date, all have
been denied by the Board.

Neoplasm of Lymphatic and Haematopoietic Tissue in Employees
at Chalk River Nuclear Laboratories

These neoplasms are of especial interest because of the increased
incidence of some, notably acute, leukemias, chronic myeloid leukemia, and
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to a lesser extent, the lymphomas, in the atomic bomb survivors and the
British ankylosing spondylitis patients [1,3].

Twenty of these neoplasms are known to have occurred in the CRNL
population during the period 1966-1983, two of them in women. Ascertainment
of these neoplasms and associated deaths, which occurred during active
employment, is believed to be complete. Some uncertainty exists about the
numbers in retired employees, and only one is known to have occurred in an
ex-employee. The neoplasms comprised

Malignant lymphoma 9
Chronic lymphatic leukemia 5
Chronic myeloid leukemia 3
Multiple myeloma 1
Hodgkin's disease 1
Agnogenic myeiiid metaplasia 1

The ages of the employees ranged between 27 and 80, with a mean of 54 years.
The Hodgkin's disease is excluded from etiological considerations since, in
retrospect, the disease was present when the employee first joined CRNL.

Detailed examination of the records of these employees and other
sources of information showed that in about two thirds there was known occu-
pational exposure to various carcinogens, or possible carcinogens, the most
important being ionizing radiation, asbestos and various organic solvents.

Ionizing Radiation

Only seven of the twenty employees with these neoplasms had cumu-
lative dose equivalents of 0.1 Sv (10 rem) or more, three being over 0.5 Sv
(50 rem). All seven had been employees for periods ranging between 21 and
33 years, averaging 26 years. Two of the seven had chronic lymphatic leu-
kemia, a type of leukemia generally considered not to be induced by exposure
to ionizing radiation. There was only one chronic myeloid leukemia in the
group. The remaining four consisted of three malignant (non-Hodgkinfs)
lymphomas and one multiple myeloma.

The remaining thirteen neoplasms occurred in employees with cumu-
lative dose equivalents of 0.1 Sv (10 rem) or less, seven having little or
no exposure (less than 0.01 Sv, or 1 rem). Among the thirteen, there were
two chronic myeloid leukemias: neither employee had been occupationally
exposed to ionizing radiation. The remaining eleven comprised seven malig-
nant lymphomas, two chronic lymphatic leukemias, one chronic lymphatic
leukemia/lymphoma and one agnogenic myeloid metaplasia. Acute leukemias
were not found.

If radiation exposures were a significant factor in the genesis of
these neoplasms, a greater proportion of acute leukemias and chronic myeloid
leukemias might reasonably have been expected. In the atomic bomb victims,
the ratio of excess leukemia to excess lymphomas approximated 8, and in the
British ankylosing spondylitis patients, about 3[3] . In contrast, the
liukeraia/lymphoma ratio observed in the twenty neoplasms is similar to that
found in populations not occupationally exposed to ionizing radiation, where
lymphomas predominate.
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The small numbers involved and uncertainties about the size and
age distribution of the population over the study period preclude meaningful
analysis of the data. It suffices to note that during 1966-1983, five
deaths from these neoplasms were certified in male employees under 65 years
of age: a rough estimate of the expected number is 5.6.

Asbestos

With respect to asbestos, the seven employees with dose equiva-
lents of 0.1 Sv (10 rem) or more had also been exposed directly to asbestos
in the course of their work in the reactor buildings and elsewhere, two of
them heavily. Six of the seven suffered lymphoid neoplasms, and one had
chronic myeloid leukemia. In the complete absence of quantitative dosimet-
ric data, th~ degree of their exposures to asbestos can only be inferred
from the morbidity of those exposed. At least 65 employees (80% steamfit-
ters and laggers, 20% reactor operators, welders, millwrights, etc.) at CRNL,
are known to exhibit radiographic abnormalities consistent with past expo-
sure to asbestos. While these changes are for the most part minor and of
little significance (pleural fibrosis, with or without calcification), sev-
eral employees have had recurrent pleural effusions attributable to asbestos
exposure, several have mild asbestosis, and one had died from a malignant
mesothelioma. These observations are of interest in view of recent reports
on the possible role of asbestos in the genesis of lymphoid neoplasms.
While these reports have been criticized mainly on ground of bias [4], such
a relationship can only be clarified by large-scale studies, as Kagan has
recommended [5]•

With respect to organic solvents, some known or suspected
carcinogens, the occurrence of the myeloproliferative disorder (agnogenic
myeloid metaplasia) in an employee with a history of chronic intermittent
exposure to xylenes is of interest, because some commercial xylenes may
contain benzene as an impurity. Another employee with malignant lymphoma
had been chronically exposed to carbon tetrachloride and trichloroethylene,
to a degree sufficient to produce symptoms, which in retrospect were
compatible with such exposure.

CONCLUSIONS

There are no conclusions, only tantalizing associations, which
might well be spurious. Even where dosimetric information is available, as
with radiation exposure, the constraints of a small population, the very
small numbers of rare diseases and other uncertainties do not permit
meaningful analysis at this juncture. These deficiencies underscore the
need for combined studies of atomic radiation workers, and particularly of
those with accumulated radiation doses of (arbitrarily) 0.25 Sv (25 rem) or
more.

Of the other exposures listed, asbestos is perhaps the most
significant, and its possible relationship with lymphoid neoplasms warrants
further study.
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